Morphology of the atrioventricular valves and the intraventricular related structures (Folia Morphol 2017; 76, 4: 650-659) 
INTRODUCTION
Along with the obstruction in the vessels, infections, tumoural lesions, deficiencies, malformations, and anomalies of the valves and related components in heart affect the heart beat considerably. In most occasions, healthy heart beat can be achieved by repairing anomalies in the valves and related structures or replacing them. Having that in mind, observing detail peculiarities of the heart of the animals used particularly in research is essential. In this case it is the wild pig the morphology of whose heart is to be observed profoundly.
Heart valves, which are an extension of the endocardium, regulate blood flow constantly between the atriums and ventricles. Even though literature [3, 12, 15, 58] indicates that the right atrioventricular valve has three cusps and left atrioventricular valve possesses two, recent documents have reported different numbers and cases [21, 26, 38, 62, 64, 66] . Hence, several textbooks [15, 58] and reports [3, 5, 35, 46, 59] have documented that species and individual variations may occur in the morphology of the papillary muscles and tendinous chords both joining in the functional mechanism of the valves.
As indicated above, morphology of the heart valves and related structures in several domestic and wild animals and human is amply documented. On the other hand, no study, as to our knowledge, has focused on the heart valves of the wild pig, the ancestor of the domestic pig which is widely used in heart-related studies. Therefore, this study was intended to observe the heart valves and related structures of the wild pig, since it is thought to be of value to document their morphology in these animal, and to compare the findings with the data acquired in the literature.
MATERIALS AND METHODS
Seven hearts of mature wild pigs were used in the study. The materials were fixed using 10% formaldehyde solution for dissection and taking tissue sample. The fixed hearts were cut of the coronary groove level and atria were removed. The walls of the ventricles were cut through the right and left interventricular grooves, from apex to the ostia. The valves and related structures were dissected and photographed. The atrioventricular valves, numbers of the papillary muscles, sept marginal trabecula, true and false tendinous chords were determined macroscopically.
For light microscopy, samples were obtained from the sept marginal trabecula, and the true and false tendinous chords of both ventricles. The tissues were fixed in the buffered formaldehyde solution (100 mL of formalin [37-40% stock solution], 900 mL of distilled water, 4 g/L NaH 2 PO 4 [monobasic], 6.5 g/L NaH 2 PO 4 [dibasic/anhydrous]). Upon washing with tap water for 24 h, the samples were dehydrated using alcohol series (70% to 100%). After polishing the tissues using xylene, they were embedded in paraffin and 5 µ slides were obtained using microtome (Leica RM2125RT). The slides were deparaffinised and hydrated to water and modified Crossman's staining technique [10] was applied to reveal general structure of the tissues. Following the mounting of the slides, they were examined under microscope and photographs were taken (CX21 Olympus binocular microscope, Olympus sc100 camera system, cell Sens Entry Computer Visualisation System).
Federative International Programme for Anatomical Terminology (2017) [27] and Nomina Anatomica Veterinaria (2012) [28] were applied for the anatomical nomenclature.
RESULTS
The right atrioventricular valves (Fig. 1A-C ) in all the hearts examined possessed the septal, anterior, and posterior cusps. The posterior cusps were rectangular (Fig. 1A, B) , the septal cusps were semicircular (Fig. A-C) , and the anterior cusps were either rectangular or triangular in shape (Fig. 1A, B) . Additionally, the commissural (accessory) cusps number was as follows; 2 hearts had 2 cusps at posteroseptal commissure, 1 heart had 1 cusp at anteroseptal commissure, 2 hearts had 1 cusp and 3 hearts had 2 cusps at anteroposterior commissure (Fig. 1A, B) .
The left atrioventricular valves in all the hearts observed were composed of the anterior and posterior cusps ( Fig. 2A-C) . The posterior cusps were rectangular, and the anterior cusps were semicircular in shape ( Fig. 2A-C) . Additionally, the commissural (accessory) cusps number was as follows: 4 hearts had 2 cusps and 3 hearts had 1 cusp at anterolateral commissure, 5 hearts had 1 cusp at posteromedial commissure (Fig. 1A, B) .
In the right ventricle (RV), there were 1 septal papillary muscle and 1-4 posterior papillary muscles on the septal wall, and 1 anterior papillary muscle on the parietal wall ( Table 1 ). The septal papillary muscles (Fig. 1A-C , E, F) located near the orifice of the pulmonary trunk were protuberance-like structures adhering tightly to the septal wall. Yet, a posterior papillary muscle in 1 heart was located on the junction of the parietal and septal walls while another was observed on the parietal wall (Fig. 1F) . In another heart, 2 posterior papillary muscles were present on the junction of the parietal and septal walls (Fig. 1A) . Shapes of the posterior papillary muscles found on the septal wall were a vestigial protuberance, nipple-like or a flat rectangle (Fig. 1A-C, E, F) . Those found on the parietal wall and on the junction of the parietal and septal walls were finger-like structures, one of them having double apices (Fig. 1A, F) . The anterior papillary muscles were either a flat cone or a cylinder in shape (Fig. 1A-D) . One of the flat cone-shaped muscles had two muscular columns (Fig. 1D) , one of which was emerging from the body and one -from the apex, while another muscle had two columns on the apex (Fig. 1A) . These muscular columns were attached to the base of the parietal wall either directly or via tendinous chords.
Two papillary muscles were attached to the parietal wall in the left ventricle (LV) ( Fig. 2A-C) . The anterior papillary muscle was like a well-rounded cone possessing a pointed edge. The posterior papil-lary muscle was also like well-rounded cone and had one ( Fig. 2A) or two (Fig. 2B, C) belly. This muscle had one apex in 2 hearts, double apices in 4 hearts, and triple apices in 1 heart. Additionally, along with these muscles, 3 smaller nipple-like papillary muscles near the annulus of the parietal wall were observed in 1 heart, one on the upper half of the parietal wall between the two main papillary muscles in another heart, and one on the junction of the parietal and septal walls near the posterior papillary muscle in a third heart ( Fig. 2A, D) .
The number of the tendinous chords (Fig. 1A , C, 2A, C) was 30-40 in the RV, and 25-35 in the LV (Table 1) . Their structural nature was fibrous connective tissue (Fig. 3A, B) .
In all the hearts examined, one sept marginal trabecula was observed, lying between the base of the anterior papillary muscle and base of the septal papillary muscle in the RV (Fig. 1A , B, E, F). Their length was 25-30 mm, and their thickness 1-5 mm. In 6 hearts, this structure was divided into two pieces, resembling "Y" letter before attaching the septal papillary muscle (Fig. 1A , E, F). In light microscopy of this structure (Fig. 3C ), several Purkinje cells were seen located peripherally and enclosed by connective tissue, and myocardial fibres opposing them. Less frequency, blood vessels were also found among the myocardial fibres and in the connective tissue. Two to six false tendinous chords ( Fig. 1A -C) were found also in the RV (Table 1) . Upon histological examination, Purkinje cells located peripherally, myocardial fibres, connective tissue, and capillaries in the connective tissue were seen (Fig. 3E) .
Two left sept marginal trabeculae were seen in 2 hearts (Fig. 2E ), and 4 in 1 heart (Fig. 2F) . The other 4 hearts possessed no left sept marginal trabecula. Two of these trabeculae lying between the posterior papillary muscle and the septal wall had three divisions on its origin and two on the other edge attaching the septal wall. Two other trabeculae had two divisions on the septal edge only, while another trabecula had three divisions. The length of the sept marginal trabeculae was 10-20 mm, and the thickness was 0.5-2 mm. Light microscopic examination revealed Purkinje cells roughly similar in size, encircled by a sheath of the connective tissue. No myocardial fibre was determined in the left sept marginal trabecula (Fig. 3D ). There were 2-8 false tendinous chords ( Fig. 2A , C, D) in the LV (Table 1) . Histological examination of this structure showed that Purkinje cells were located centrally in the fibrous connective tissue without forming a sheath. Capillaries were scattered in the tissue, but no myocardial fibres were present (Fig. 3F) . 
DISCUSSION AND CONCLUSIONS
There are two different views on determining the number of the cusps of the right atrioventricular valve. Some literature [12, 15, 34, 55, 58, 59, 65] indicated that the right atrioventricular valve possesses anterior, septal and posterior cusps, with the posterior one displaying sectional nature. Yet, other reports [5, 26, 29, 43, 60, [64] [65] [66] showed that the anterior and posterior cusps may occasionally fuse. They also indicated presence of the "supernumerary", "accessory" or "commissural" cusps, along with the three cusps. The number of these "supernumerary", "accessory" or "commissural" cusps may be 1-2 [2, 21, 64], 1-3 [66] , or 1-4 [29, 36, 43, 60] . In this study, all of the hearts had three eminent cusps and one or two commissural (accessory) cusps.
The shape of the posterior cusp was shown to be semicircular [59] , triangular, rectangular or square [43, 45] . Likewise, the posterior cusps in this study were rectangular in shape. Literature described the shape of the septal cusp to be triangular [43] , semioval [59] or semicircular [5] , and rarely rectangular [43, 45, 59] . The septal cusps examined in this study were semicircular and their unique structure was similar to that in literature. Similarly, the shape of the anterior cusps was found to be semicircular [59] , triangular [43, 45] , or rarely rectangular [43, 45, 59] . The results of our study were also in parallel with the literature.
In certain studies, it was documented that the left atrioventricular valve was formed of two cusps; anterior and posterior, and the small pieces located between these two main cusps were parts of the posterior cusp, [7, 12, 24, 30, 52] . Other reports [3, 15, 21, 38, 58] also mentioned that there may be small "accessory", "supernumerary" or "commissural" pieces between the two main cusps. The number of the commissural (accessory) cusps may be 1-2 [21] , 1-3 [38] or 1-4 [19] . According to the researches accepting the accessory cusps as the scallops of the posterior cusp [30, 52] , the number of the scallops vary from 1 to 5. In this study, hearts had 2 eminent cusps and 1-3 commissural (accessory) cusps. The shape of the anterior cusp was shown as semicircular and triangular [30, 42, 52] or rectangular [42] , while that of the posterior cusp as semioval [52] , triangular or rectangular [42] . The results of our study were also in parallel with the literature.
Shapes and numbers of the papillary muscles in the RV were documented to vary [5, 21, 29, 58] . The septal and posterior papillary muscles were shown to be located on the septal wall, while the anterior papillary muscle on the parietal wall [3, 13, 15, 21, 29] . Again, the anterior papillary muscle in the Guinea pig is located either between the junction of the two walls on the apical region [5] or on the septal wall as is the case in mouse [26] , rabbit [5] and dogs [2, 58] . In our study, the septal papillary muscle was found on the septal wall, while the anterior papillary muscle was located on the parietal wall, which is in resemblance to some reports [3, 13, 15, 21] but contrary to others [2, 5, 26, 58] . Likewise, the posterior papillary muscle was present on the junction of the two walls in the three, on the parietal wall in the one, and on the septal wall in the rest of the samples.
Of the three papillary muscles in the RV, the septal papillary muscle was observed either to be single or to lack [2, 22, 29, 41, 46] , or to be one-two [5, 22] , one-three [41] . Tendinous chords arising directly from the septal wall were documented in the case of their lack [41, 61] . Their shapes were indicated as either finger-like or nipple-like protuberance [5, 21, 29] . In this study, one septal papillary muscle was observed in each sample examined, located on the septal wall as a protuberance. It had a unique tip, contrary to some reports [21, 46] . Likewise, literature reported the number of the posterior papillary muscles as mostly two [35, 46] , one [13] , one-five [5, 29] , two--three [21] or zero-seven [23] . The tip of this muscle was shown to have subtips of different numbers [21, 29, 46] . The number of these muscles in our study was one-four, only one had two heads. Literature documented the number of the anterior papillary muscles to be one [5, 15, 21, 46, 58] , one-two [2] , one-three [22, 34] or one-four [29] . This number was one in each sample examined in this study, and the muscle possessed no heads or bellies, contrary to some literature [21, 29, 35, 46] .
Peculiarities of the posterior and anterior papillary muscles on the parietal wall of the LV were amply reported in several textbooks [3, 12, 15, 58] and papers [9, 26, 53, 54] . Erdoğan et al. [13] indicated that location of the posterior papillary muscle in the LV is fixed in the heart of rhinoceros, while the anterior papillary muscle lies on the septal wall. Reports in rabbit [5] and human [50] also documented smaller muscle masses along with these two main muscle groups. The number of the papillary muscles in the LV was reported as two-four [20, 38] . However, this study found one anterior and one posterior papillary muscle in the LV, along with smaller papillary muscles.
Studies revealed the shape of the papillary muscles in the LV [5, 7, 53, 54] . Özbağ et al. [50] reported their shapes in human to be "V", "Y", and "H", indicating more than one belly being either cone-or nipple-like in animals. The anterior papillary muscle in our study was a flat cone-like in shape, ending with a distinct tip, while the posterior papillary muscle had either one or two bellies, being well rounded in shape.
The number of tendinous chords in the RV was reported to be 24-25 in human [59] , 23 in domestic pig, 22 in sheep, 25 in cattle [25] , 20 in rabbit and 18 in Guinea pig [5] . This study found this number between 30 and 40. In the LV, the number of tendinous chords has been documented as 23-24 in human [47, 49] , 20 in primates [17] , 16 [25] or 78 [38] in domestic pig, and 16 in dog, 12 in goat, and 11 in sheep [49] . Similarly, the number of tendinous chords in the LV was found to be 25-35 in this study. This structure was also revealed to be completely fibrous tissue in our study, just as documented previously in sheep, goat, dog and human [49] , and in donkey [21] .
Presence of the sept marginal trabecula in both ventricles was indicated by several reports [6, 8, 9, 14, 16, 18, 21, 57, 63] . There was a firm consensus on naming the sept marginal trabecula (the moderator band) in the RV while different names were applied for the fibres in the LV which do not attach the cusps. Some reports also named the false tendinous chords as the sept marginal trabecula [4, 18] . Others called them "the left ventricular band" [11, 14] , "false chords" or "abnormal chords" [17, 31, 39, 49, 56] , or "the sept marginal trabecula (the moderator band)" particularly stressing their attachment sites [13, 16, 18, 21, 63] . The Nomina (2012) [28] used singular name for the sept marginal trabecula in the RV, while using plural name for it in the LV to indicate their numbers. This study also followed the Nomina (2012) [28] for the nomenclature.
Truex and Warshaw [63] reported no right sept marginal trabecula in the hearts of 12 dogs, while they showed that 56.85% of the 400 human hearts, 51% of the 100 cat hearts, 41.6% of the monkey hearts, and all of the 12 sheep, pig, and cattle hearts had this structure. Additionally, Kosiński et al. [33] documented the lack of this structure in the heart of the lemur. Similarly, our study found one sept marginal trabecula in each RV dissected, as reported by the literature [6, 8, 9, 13, 14, 16, 21, 56] , except for the results of a few other studies [33, 63] . This structure was shown to extend from parietal wall to the anterior papillary muscle [5, 6, 8] , from septal wall to the either anterior papillary muscle or parietal wall [16, 21] , or from the base of the septal papillary muscle to the either anterior papillary muscle or parietal wall [18] . Several studies [5, 6, 8, 18, 21] indicated the shape of the sept marginal trabecula to vary in different species. In our study, it lied between the septal papillary muscle and anterior papillary muscle and, except the one, was "Y" in shape. This bifurcation was determined on the side of the septal papillary muscle, contrary to the findings of Gulyaeva and Roshchevskaya [18] . They found the bifurcation on the parietal wall side of the trabecula in domestic pig. They hence mentioned additional thin moderator bands in the RV, but we observed no such structures.
Literature documented the length and thickness of the sept marginal trabecula. It is thicker and closer to the base of the RV in pig, as compared to human [9] . The thickness was reported to be 2-7.7 mm [18] and 1-7 mm in domestic pig [63] , 5 mm in goat [37] , and 2-6 mm in cat, 1-3.5 mm in monkey, 2-4 mm in sheep, 1-12 mm in cattle, 1.5-14 mm in human [63] , and 2-7 mm in human [51] . Likewise, the length was documented as 13-26 mm goat [37] , and 15-24 mm in sheep, 3-8 mm in monkey, 3-9 mm in cat, 15-51 mm in domestic pig, 20-30 mm in cattle, 3.5-29 mm in human [63] and 8.82-22.3 mm in human [51] . In our study, the length and thickness were measured as 25-30 mm and 1-5, respectively.
Histological studies revealed connective tissue, myocardial fibres and Purkinje cells in the sept marginal trabecula of the RV [6, 16, 18, 21, 57] . Gulyaeva and Roshchevskaya [17] indicated in domestic pig that conductive Purkinje cells encircle vessels, being present both centrally and peripherally. These results are similar to our findings [44] . Also reported muscle fibres in the right sept marginal trabecula on domestic pig, along with Purkinje cells, located peripherally, and conductive cells found centrally in the trabecula. This literature also stressed that Purkinje cells lie either alone or in groups, enclosed by the connective tissue but it is not a sheath like structure. In our study, however, Purkinje cells were divided in groups only surrounded by connective tissue, which might be a unique nature of the hearth of the wild pig.
The left sept marginal trabecula was documented in domestic pig [18] , camel [16] , donkey [21] , rhinoceros [13] , rabbit and Guinea pig [5] . Their number was reported as 1-3 in domestic pig [18] , rhinoceros [13] , and rabbit and Guinea pig [5] , 2 in camel [16] , and 1-5 in donkey [21] . Gerlis et al. [14] estimated the presence ratio of this structure on the LV as 48% in human, 86% in pig, 92% in cattle, and 100% in sheep, horse, cat and dog. Deniz et al. [11] found this ratio as 47% in human, 77% dog, 92% in sheep, and 88% in goat. Thickness of the structure was also measured as 1-3 mm [11, 18] while the length was found as 6.5-21.5 mm in donkey [21] , 7-52 mm in human, 6-35 mm in dog, 6-31 mm in sheep, and 7-37 mm in goat [11] . In our study, on the other hand, the left sept marginal trabecula was observed in the three samples; 2 in 2 hearts and 4 in 1 heart. Their thickness and length were 0.5-2 mm and 10-20 mm, respectively. Thus, their histological examination revealed connective tissue, myocardial fibres and Purkinje cells [11, 16, 18] . Particularly, Gulyaeva and Roshchevskaya [18] reported that in pig heart Purkinje cells are enclosed by the myocardial fibres and the tissue contains a few blood vessels. However, our study found connective tissue and Purkinje cells but no myocardial fibres, which was different from the findings of the study on domestic pig [18] .
Ghonimi et al. [16] searched the left sept marginal trabecula in camel, indicating that it possesses two distinct layer, myocardium centrally and endocardium peripherally. They also reported modified myocardial cells of two different types (small and large calls), which is quite different from the findings in the wild pig.
Reports indicated presence of the false tendinous chords both in the left [1, 5, 31, 39, 48, 49, 56] and right [32, 40] ventricles. The presence ratio of this structure in the LV was found as 34% [1] and 60-62% [31, 39, 48, 49, 56] in human while more than 65% in various animals [5, 31, 48, 49] . Histological observations revealed connective tissue, myocardial fibres, Purkinje cells and blood vessels in this structure [1, 11, 40, 48, 49, 56] . Saji et al. [56] , thus, defined the false chords including connective tissue only as fibrous type, those additionally possessing myocardial fibres as fibromuscular type, and those having also Purkinje cells, along with previous two, as muscular type. Accordingly, literature mostly reported fibrous and fibromuscular types in human [48, 49, 56] while muscular type is present rarely. The false chords in the LV of various animals such as sheep, goat and dog reportedly included Purkinje cells [48, 49] ; thus, indicating the presence ratio of both false chords and Purkinje cells in this chords being higher in animals than in human [31, 48, 49] . In our study, the false chords examined in the LVs of the wild pig was considered as fibrous type since they contained Purkinje cells and connective tissue but no myocardial fibres.
There are very few reports that describe the false chords in the RVs. Their presence ratio was 35-100% in human [5, 32, 40] . Yet, Ateş [5] found no false chords in the RVs of the rabbit and Guinea pig. Loukas et al. [40] documented that 41.6% of the false chords contain connective tissue, Purkinje cells and myocardial cells, and the rest having connective tissue only, but we have found false chords and Purkinje cells in this cords every RVs examined.
Consequently, the left and right atrioventricular valves of the hearth and the related structures were broadly observed in the wild pig at macro-and microanatomical aspects. All the papillary muscles commonly seen in mammalian heart were eminently present, yet there were small unnamed papillary muscles in the LV of the three samples. The sept marginal trabecula and false chords were eminent in the RVs, histologically containing myocardial fibres, connective tissue and Purkinje cells, while the false chords were present in all the LVs but the sept marginal trabecula was found in the three samples only. And both the connective tissue and Purkinje cells were present in these two structures but no myocardial fibres were found. Presence of the myocardial fibres in the RV may have an effect on the ventricle geometry. Thus, presence of the Purkinje cells in both ventricles may lead to harmless murmur and arrhythmia, as suggested by the literature.
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